In atrial muscle strips from rabbits, fibrillation occurred in a solution low in potassium, with or without a high calcium content, and the role of the sinus node in inducing atrial fibrillation was examined by microelectrodes and by direct close bipolar lead electrocardiograms. In right atrial strips that included the sinus node, the sinus node action potential often just preceded spontaneous fibrillation or premature beats. In left atrial strips in a similar condition, the incidence of spontaneous fibrillation or premature beats was very low. However, when electrical stimulation simulating sinus node impulses was applied, fibrillation or the premature beat frequently appeared immediately after the stimulating pulse waves, and its incidence was also remarkably increased, being fairly close to that of the right atrial strip. These findings suggest that "the sinus node impulses occasionally caused fibrillation or premature beats during these experiments in a medium low in potassium. In addition, fibrillation was frequently induced even when the impulse fell outside the vulnerable period of the preceding beat.
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• Opinions have differed on the role of the sinus node in the genesis of atrial fibrillation. Loomis et al. (1) stated that depression of the function of a normal sinus node facilitates fibrillation: they showed that acetycholine induced fibrillation when the sinus node was cooled or destroyed by crushing in experiments with open-chest dogs, goats, and monkeys. Similarly, early reports of Nahum and Hoff (2) indicated that application of acetyl-/3-methylchoIine to the surface of the atria, especially to the sinus node, of the dog and the cat induced fibrillation without any further procedures. Fibrillation seemed to be induced by a slowing of the whole heart and arrest of the atria. In this case, however, other factors such as a decreased refractory period and a faster rate of repolarization of cell membranes may also have contributed, as Burn et al. (3) emphasized. In contrast, Goto and Tamai (4) reported that acetylcholine
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(10- 5 to 10" 4 g/ml) dramatically inhibited aconitine-induced fibrillation in right atrial strips from rabbits. These findings were ascribed to the depressing effect of the drug on the pacemaker activity, and the authors concluded that acetylcholine has another effect on fibrillation besides the well-known one of facilitating fibrillation. They also showed that adrenaline (Kh 4 g/ml) promoted the aconitine-induced fibrillation because of an acceleration of pacemaker rhythm. Nelson and Smith (5) frequently observed that sinus impulses in frog hearts appeared to initiate momentary fibrillation in localized atrial areas. Such fibrillation eventually led to continuous atrial fibrillation. Azuma et al. (6) reported recently in experiments on dog hearts in situ that atrial fibrillation was easily produced by aconitine when the sinus node was intact, but was difficult to produce if the sinus node was injured. They also reported that electrical stimulation of the sinus node induced atrial fibrillation more easily and for a longer time than did stimulation of the atrium. They therefore concluded that the sinus node plays an important role in facilitating fibrillation. In earlier studies on the electrical activities of rabbit atrial fibers in a medium low in potassium, we frequently observed a phenomenon in which sinus node impulses appeared to trigger atrial fibrillation. The present study was carried out to evaluate this relationship further.
Methods
The rabbit was killed instantaneously by a blow to the back of the head and the heart was quickly removed. A strip of heart muscle about 2.5 X 2.0 cm was excised from the right or left atrium. The right atrial strip included the sinus node. The preparation was mounted in a muscle chamber containing about 70 ml of Tyrode solution equilibrated with 1002 O 2 . The composition of the Tyrode solution in IDM was as follows: NaCL 137; KC1, 2.7; CaCl 2 , 1.8; MgCl 2) 0.5; NaH 2 PO 4 , 4.6; Na 2 HCO 8 , 12.0; glucose 5.5.
The pH was 7.0 to 7.2 and the temperature was kept at 35°C.
In preliminary experiments, the potassium and calcium contents of the Tyrode solution were changed, either independently or in combination, and the frequency of occurrence of spontaneous atrial fibrillation was examined. From these studies it was found that a decrease of potassium to one-fourth or one-eighth of its normal concentration, with or without an increase of calcium to twice the normal Tyrode content, was most effective in inducing fibrillation among the various experimental procedures that were used. Because of this finding, a modified Tyrode solution of one-fourth normal potassium content with either normal or twice normal calcium content was made and stored in a glass container along with the normal Tyrode solution. By turning a stopcock, either of these warmed and aerated solutions flowed into the muscle chamber. Change of the solution was accomplished in a few minutes. Since the atrial muscle strip was thin and pinned at few points, the solution surrounding the muscle could bechanged completely in this way.
Two glass microelectrodes, filled with 3 M KC1, were employed simultaneously in many of the experiments. Their external tip diameter ranged from about 0.5 to 1.0 fi, with a tip resistance of from 10 to 30 megohms. One of them was used to search for the pacemaker in the sinus node, which was identified by the typical shape of the action potential, with a prominent, slow diastolic depolarization. This potential preceded other atrial action potentials recorded from the other microelectrode. In addition, two pairs of electrodes were placed at other right atrial sites, including the crista terminalis, for recording close bipolar electrocardiograms. Stimulating electrodes were two silver wires, insulated except for the tip, and placed closely together. Square waves of 5 msec and twice the stimulation threshold in intensity were used as stimuli.
Results

SINUS NODE ACTION POTENTIAL PRECEDING FIBRILLATION IN THE RIGHT ATRIAL MUSCLE STRIP
When the normal Tyrode solution was changed to the low-potassium solution, with or Circ«U>itm Rsi-rcb, Vol. XXI, Oaobtr 1967 without high calcium content, fibrillation occurred in right atrial strips several seconds or a few minutes after the solution was changed. In 25 of 35 experiments, the sinus node did not seem to be fibrillating, in contrast with other parts of the atrium which showed apparent fibrillation consisting of local tachysystole at a high frequency of 500 to 1,320/min (Figs. 1 and 2 ). The rate of firing of the sinus node pacemaker was then regular and much slower and the beginning of the action potential of the sinus node pacemaker preceded the fibrillation, as recorded by another microelectrode or close bipolar electrodes. Thus it seemed that the sinus node impulses induced this fibrillation. The time interval between activation of the sinus node and the onset of fibrillation (50 to 100 msec) is of a magnitude consistent with the conduction velocity estimated from other measurements. Sometimes the induced arrhythmia was just a short run of premature beats, or only a single premature beat following the normal beat. There was thus a double response to a single sinus nodal impulse (Fig.  3) . Acetylcholine was occasionally added in a concentration of 10 /xg/ml; when this was done, fibrillation was sometimes more easily induced, but there was no essential difference in its characteristics.
FREQUENCY OF APPEARANCE OF SPONTANEOUSLY INDUCED FIBRILLATION IN THE RIGHT AND LEFT ATRIAL STRIPS
The incidence of spontaneous fibrillation and premature beats in the right atrial strip in a low-potassium medium, with or without an increase of calcium content, was remarkably high: 7\% and 92$ respectively, during the 15 min after the change in composition of the
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"Whole" means the original right atrial strips about 2.5 X 2.0 cm. The right atrial strips were cut in two ("sinus node strip" and "atrial strip"); the atrial strips were about 0.5 X 1.0 cm.
The denominator of the fraction in the parenthesis shows number of experiments which is equal to number of animals. Its numerator is number of strips in which fibrillation and premature beats occurred. bath. Since we suspected that the sinus node is shown in Tables 1 and 3 . No fibrillation was induced fibrillation, it was removed. However, observed. Although we supposed that the erada latent pacemaker usually became active in ication of pacemaker activity was the reason this case. Eradication of pacemaker activity for this low incidence, there was a question was difficult, unless the remaining atrial strip whether the small size of the preparation was (after removal of the sinus node) was fairly responsible. To study this problem, we small. The results obtained when the size of needed a preparation of the same size as the the remaining strip was about 0.5 cm X 1.0 cm original atrial muscle strip, but one that did Table 1 .
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Whole atrium not include the sinus node. Since such a preparation could not be obtained from the right atrium, it was obtained from the left. Under the same experimental conditions used for the right atrial strip, the incidence of spontaneous fibrillation or premature beats in such left atrial strips was 3% and 16% respectively and still low ( Table 2) .
APPEARANCE OF FIBRILLATION IN ELECTRICAL STIMULATION IN THE LEFT ATRIAL STRIP
The presence of the sinus node constitutes the major difference between the right and left atrial strips. To simulate the sinus node impulse, the left atrial strip was electrically stimulated, and the appearance of fibrillation and premature beats was observed. When this was done, a rapid fibrillation with rates from 600 to 1,980/min appeared in 21% of the cases immediately after the stimulus pulse wave ( Fig. 4; Table 2 ). Sometimes only premature beats followed it (Table 4) . Such fibrillation or premature beats generally continued as long as the electrical stimulation was given, but it gradually ceased when stimulation was stopped (Fig. 5) . Table 3 shows the effect of electrical stimulation to right atrial strips.
Discussion
The results indicate (1) that a sinus node action potential usually precedes fibrillation or premature beats recorded at various right atrial sites; (2) that spontaneous fibrillation or premature beats show much higher incidence in the right than in the left atrial strips; and (3) that fibrillation in the left atrial strips frequently occurred immediately after electrical stimulation designed to simulate the sinus node impulse. When these observations are considered together, it appears probable that sinus node impulses occasionally cause fibrillation or premature beats in a low-potassium medium.
Sano and Scher (7) found that an extreme taehysystole of from 1,000 to 3,000/min occurred in the vicinity of the stimulating electrode when single electrical shocks were given; they considered it as an initiating mechanism of atrial fibrillation in in situ experiments on dogs. In the present study, we also found that a similar tachysystole from 600 to 1,500/min was often induced in the atria by sinus node impulses in a low-potassium medium and developed into atrial fibrillation. The mechanism appeared similar, since the only difference was that the sinus node impulses in the present study took the place of stimulation with single shocks in the previous study. This finding indicates that the mechanism advocated in the previous study can operate spontaneously.
In the present study the fibrillation was not always caused by arrival of the impulse during the vulnerable period of the preceding beat. In the right atrial strip the sinus node rate was usually so slow that the wave of excitation reached the atrial electrode sites well after the vulnerable period of the preceding beat. In the left atrium the single electrical shock was applied at rates sufficiently slow that excitation did not occur during the vulnerable period. Probably, under conditions of low potassium there is another mechanism by which fibrillation is induced in addition to the vulnerable-period mechanism.
